The most common symptoms of lung diseases, regardless of the etiology are coughing, shortness of breath, chest pain and constrictiveness, abnormal breathing patterns though signs and symptoms of these diseases might vary with the individual's susceptibility. The toxic chemical may have either local effect (contact site) or systemic effect or both. It is necessary to assess the relative risk for workers exposed to various agents in workplace and monitor the degrees of exposure. OLDs including cancer do have long latency periods and once the disease is diagnosed, limited choices remain for recovery. Moreover, even after cessation of exposure, chronically exposed workers continue to be at risk. However, disease can be preventable, if management options are timely undertaken. United States Occupational Health and Safety Administration (USOSHA), [http://www.osha.gov/ laws-regs.html] provides guidelines for Permissible Exposure Limits (PELs) in the workplace, based on an eight hour exposure time for a worker. Though such PELs for particular carcinogens/toxicants have been adopted long back, elusive implementation may have its root in limited awareness among the workers and authorities; untrustworthy poor databases in developing countries. Only 5-10% of workers in the developing nations and 20-50% of the developed, industrialized nations have access to proper occupational health care facilities [http,//www. wpro.who.int/topics/occupational_health/en/]. The objective of the present review is to understand the major causes and consequences of OLDs and identify the biomarkers associated with it. We have also addressed several challenges and conflicts, like health issues of the workers with economic loss of the organisations associated with that particular occupation, global and Indian contexts regarding the health outcomes of the workers. Strategies to provide logical dimensions towards mitigation policies are also touched upon.
Methods
We implemented an extensive database search depending using academic bibliographic databases, like PUBMED (http://www.ncbi.nlm.nih.gov/pubmed), SCIENCE DIRECT (www.sciencedirect.com/), Web of Science (https://webofknowledge.com/), SCOPUS (www.scopus.com/), literature searches using Google Scholar and hand searches of the literatures and references of the publications. Searches were limited to English language articles published till December 2016, that provided us the information regarding OLD exposure scenario, health outcomes, conventional disease diagnosis along with molecular biomarker assisted diagnosis, several challenges in the national and global context and scope of mitigations.
Results and Discussions toxic exposure and Lung Related Diseases
Broadly, the lung related diseases are caused by occupational exposure to metal fumes, particulate matters, volatile organic compounds, asbestos, silica etc.
2 Diesel exhaust contains a number of gaseous and particulate chemicals that include soot and polycyclic aromatic hydrocarbons (PAH) along with other known carcinogens (American Cancer Society; https://www.cancer.org/ cancer/cancer-causes/ diesel-exhaust-and-cancer.html). The home makers continuously exposed to biomass smoke for cooking and related purposes, sometimes suffer from COPD, bronchitis, tuberculosis and also lung cancer 3 . Cleaning products that are hazardous to eyes, skin through contact and trachea through inhalation are widely used by the professional cleaners, it is a major public health issue as they represent a huge workforce 4 . Literatures show significant proportion of workers exposed above PELs for silica, [5] [6] or benzene 7 in developing countries like China or South Africa. Coal and asbestos miners, paper and pulp mill workers, agricultural workers, welders and those who are exposed to dust chronically, develop several lung related diseases associated with COPD, asthma, pulmonary fibrosis, pneumoconiosis, silicosis, plural malignant mesothelioma [8] [9] and other lung related diseases.
asbestosis
Exposure to asbestos is associated with lung cancer and non-malignant respiratory diseases in asbestos miners. Prolonged exposure to asbestos is associated with diffused interstitial fibrosis in the workers. 10 First reported from Spain in 1997, as occupational disease and the total identified cases were 16,463 among the social affiliated employees till 2011. 11 In India, the workers employed in cement industry, the prevalence of asbestosis is 3% to 5%; while in US, about 9% in textile industry, 3% in mining and 21% in milling unit per year. asthma Asthma, a disease associated with the bronchoinflammatory response with symptoms like wheezing, coughing, chest constrictiveness and shortness of breath, may ultimately lead to reactive airways dysfunction syndrome. Most commonly found among the pulp and paper mill workers. 8, 13 Literature revealed four most common chemicals associated with occupational asthma are mixture of chemicals (19.7%), cleaning materials (11.6%), mineral and inorganic dust (11.1%), and indoor pollutants (9.9%) [http://www.lungusa.org 1-800-LUNG-USA].
Coal worker's pneumoconiosis (Cwp)
CWP also called ''black lung disease', which is an interstitial lung disease caused as a result of longterm exposure to coal dust and its accumulation in lung. The coal dust causes fibro-genetic reactions and black pigmentation of lung tissues. 10 Symptoms including shortness of breath, deranged pulmonary function and often lung cancer are observed commonly in coal miners.
14 As India is rich in mineral deposits, extensive coal mining opportunity along with prevalence of pneumoconiosis about 18.8% in India 15 is noticed.
Chronic Obstructive pulmonary Disease (COpD)-COpD COPD is associated with chronic bronchitis and emphysema. It is a chronic lung disease. Most of the lung diseases are associated with COPD. It has occurred mainly as a result of exposure to hazardous vapour, gases, biological dusts, mineral dusts, organic dusts like wood, grains, diesel exhaust, metal fumes, and/or chemical gases or vapours when inhaled caused COPD or worsened the condition in workers who already have COPD. 16 ,1 Some studies recommended that chronic exposure to silica dust does not cause disabling silicosis but surprisingly lead to the development of small airways disease or COPD which cause airflow obstruction.
17
hypoxia High altitude workers are subjected to hypoxia which is seen in the mountaineers. 18 Working for years at high altitude may accelerate the rate of decline of lung functions. 19 Hypoxia is not only an exclusive problem for mountaineers only but also a problem in workers at mountain rescue services, in cable cars in ski areas and travelling businessmen. 
Lung Cancer
Prolonged exposure to occupational carcinogens like asbestos, cadmium, chromium, diesel exhaust, silica and others that enter into the system through inhalation and further lead to multiple health problems including lung cancer. Workers exposed chronically to asbestos in their occupational setting, end up with bronchial carcinoma, pleural mesothelioma and cancer due to accumulation of asbestos fibres and asbestos bodies in their lung 21 Sulphur dioxide exposure in workers of pulp and paper mills may lead to malignant pleural mesothelioma 22 and continuous BTEX (benzene-toluene-ethylene and xylene) exposure in petrol pump workers and potash miners with exposure to chronic diesel motor exhausts may cause lung cancer 23, 24 .
Metal Fume Fever
Exposure to metal fume particulate matters is very common in occupations like mine workers, welders, brass workers, transportations. Welding produces various contaminants small particles that upon vaporization rapidly condenses in air and are imperceptible in nature, but collectively, form a visible cloud. The fumes contain many chemicals like zinc oxide (ZnO) or magnesium oxide (MgO), fuming silver, gold, or platinum, cadmium, chromium and many more. The health effects vary according to specific metals present and duration of exposure ranging from short term illnesses, such as flu or long-term damage like lung cancer or neurological disease such as Parkinson's disease 25 . Amongst the welders, respiratory syndromes including asthma, metal fume fever are commonly reported 26 .
silicosis
Exposures to large amounts of silica for short term or exposure to lower levels of silica for prolonged time may cause silicosis [https://www.cdc.gov/niosh/ docs/2015-106/]. It is the fibrotic disease of lungs with symptoms like gradually increasing dyspnoea and cough caused by inhaling fine particles of silica, in the form of cristobalite and quartz. Silica is widely used in industries including mining, manufacturing, foundries and construction related activities. Around 41,643 workers from industrial sectors of Italy were found to be at risk of silica exposure during 1996-2012, with characteristic risk from construction, mining and quarry sectors 27 . Another study shows more than 3.2 million workers in the European Union had exposure to crystalline silica. 28 About 15.7% mining machine operators and about 9.5% non-construction manual workers died from silicosis exposure in US (http://www.lungusa.org 1-800-LUNG-USA). In India, it was mainly observed among the slate pencil cutters (54.6% prevalence) and stone quarry workers (22.4% prevalent), which is presumably under reported (http,//www.nioh.org).
Diagnosis of OLDs
Occupational exposure and subsequent health effects depend not only on the dose and nature (acute / chronic; single / multiple) of toxicants but also the individuals' physical and physiological characteristics (age, sex, body weight, bio transformation capability, genetic make-up etc), which altogether play a pivotal role towards susceptibility. The effects can be further modulated due to concomitant exposure of other synergistic chemicals either from exposure sources or due to addiction towards tobacco, alcohol etc. In case of diseases like pneumoconiosis and silicosis, the patients don't seek medical advice until those are complicated and worsened by bacterial infections like tuberculosis or extreme irritation from the exposure to intolerable dust and fume. Due to the lack of applications of proper investigations and biological monitoring in most of the cases, the diseases go undiagnosed at their initial stage and are detected at an advanced stage when only few options left to prevent disease progression. Diagnosis, treatment and prevention of diseases of occupational origin requires specific knowledge and experience that are not available adequately in most of the developing nations, is the main obstacle in data collection and health surveillance. Moreover, in countries like India, responsibility for health and safety at work is divided between labour and health ministries and this dual responsibility might lead to difficulty in data collection 29 .
Conventional Methods
Here in, we will discuss the conventional strategies those are followed like Chest X rays, CT scan Pulmonar y function tests, etc. 30 Moreover, microscopic examination during biopsy or autopsy of tissue, cells, and fluids from the lungs are discussed. It is also important to measure respiratory or gas exchange functions, airway obstructions and bronchial reactivity of the exposed individuals. 31 Studies showed that nanoparticles may increase toxicity potential in comparison to the same material in the bulk form. A new method was developed to reveal asbestos nanofibers from tissues, FormalinFixed Paraffin-Embedded (FFPE). Energy Dispersive X-ray (EDX) microanalysis was performed through transmission electron microscopy to express the occurrence of asbestos nanofibers in histological samples of patients with occupational exposure to asbestos.
a l t e r n a t i v e s t r a t e g i e s a n d po t e n t i a l Biomarkers
Alternative strategies including investigation of cellular and molecular changes are also immensely important for biomonitoring of the exposed population. Several studies showed both chromosomal aberration and formation of micronuclei in peripheral blood lymphocyte predict genetic damage and instability. Asbestos exposure has been linked to pleural malignant mesothelioma, show elevated chromosomal aberration, 33 micronuclei frequency, [34] [35] and aberrant sister chromatid exchange. [36] [37] However, Bolognesi et al., (2002) 38 has observed no association of MN with asbestos exposure. There are several studies, that attempted to identify molecular biomarkers for disease susceptibility among the chronic occupationally exposed populations (Table 1) . Serum cytokines like transforming growth factorbeta1 (TGF-â1), and MCP-1(monocyte chemotactic protein-1) was found to be elevated among progressive coal worker pneumoconiosis workers. 39 Plasma peroxiredoxins 1 and 2, and tropomyosin 4 were found to be related to asbestos-exposure, and peroxiredoxin 1 to lung cancer. 40 Plasma fibrulin 3 levels can differentiate a healthy person exposed to asbestos from that of a patient of mesothelioma as a result of exposure to asbestos. Plasma fibrulin 3 levels in combination with effusion can again distinguish mesothelioma effusion from other malignant and benign effusions. 41 Correlation was found among plasma FBLN-3 concentration and pleural plaques in individuals exposed to carcinogenic fiber, fluoro-edenite. FBLN-3 has been anticipated as a biomarker for malignant mesothelioma as the plasma level of FBLN-3 showed awith high prognostic value. 42 Plasma lactate dehydrogenase (LDH) activity was identified as an useful biomarker for silica exposure. 43 In the individuals exposed to Reactive lipidp Peroxidase (LPO) and Lung impairment and silicosis Ahmad et al., 2012 Reactive Oxygen Species(ROS), mRNA levels of tumor necrosis factor (TNF-a), interleukene-1a (IL-1a) and induction in micronuclei formation .
silica the alteration of neopterin was examined which is an early biomarker of cellular immunity. Serum and urinary neopterin was found to be elevated in silicosis patients 44 and established its' potential as an early biomarker of cellular immunity, that can be easily measured by ELISA, spectrophotometry and/ or HPLC methods. Elevated Ferritin and SOD was found in exhaled breath condensate (EBC) in nonsmall cell lung cancer, which plays a promising role as an outcome predictor for lung cancer monitoring patients 45 . Inhalation of asbestos fibers can induce the development of 8-hydroxy-2'-deoxyguanosine (8-OHdG) within the DNA of white blood cells (WBC), indicating the carcinogenic potential. 46 Additionally, it can induce mutagenic DNA lesion 8-nitroguanine (8-nitroG) in human lung tissue that may lead to lung cancer. 47 Some angiogenic biomarkers, mesothelin-related peptides (SMRPs) were studied which showed the association with the increased exposure to asbestos and the mortality from malignant mesothelioma and lung cancer. Increased levels of 80HdG and IL-6 indicated a high level of SMRPs. The study revealed that the combination of some angiogenic biomarkers along with specific mesothelioma-biomarker like SMRPs could be utilized to monitor the health conditions of the workers who have a record of asbestos exposure 48 . Though it was tried to develop the early biomarker for mesothelioma by using soluble mesothelin-related peptide (SMRP), the result did not support the usefulness of its early detection. 49 In a study on the toxicological effects of granite dust particles, the authors demonstrated that nanoparticles caused oxidative stress, inflammatory response and genotoxicity, by nearly two fold of reactive Lipid Peroxidase (LPO) and Reactive Oxygen Species (ROS), mRNA levels of tumor necrosis factor (TNF-a), interleukene-1b (IL-1b) and induction in micronuclei formation. 50 Researchers have identified several occupational disease markers but it seems to remain confined within the proposals only (Fig.1) ; direct applications of these methods on patients are lacking due to limited resources, lack of awareness, economic burdens and manipulations in the management sectors. The current review on OLDs has mainly highlighted the major causes and their adverse effect on health outcome, the diagnosis strategies considering both conventional and alternative one, using molecular biomarkers. Regular monitoring of workers' health and the use of molecular biomarkers i.e the integrative knowledge might be more promising for early detection of the disease, compared to conventional strategy alone. We have proposed a simple model showing the interactions among various factors that may impact on workers' health. Historical evidences show that often Management takes benefit over the general ignorance of the workers for their vested interest (Fig-2) . A gloomy history was created by the Met Life (Metropolitan Life Insurance Company, US). The adverse effect of asbestos, silica were known to industries much before the public knowledge; however delayed scientific findings due to arbitrary manipulation, the problems got severe and unrecognized 51 . Canada, one of the major exporters of asbestos, are shipping asbestos to some developing countries. Developed countries already stopped importing Asbestos through this route. Further awareness and enhanced collaboration among management team, occupational health experts and research scientists, could analyze the outcome in a holistic way to take the mitigation steps and right policy decisions for the benefit of workers. 15.
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